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The ability to process facial information is vital for social interactions. Previous research has
shown that mature face processing depends on the extraction of featural and conﬁgural
face information. It has been also shown that the acquisition of these processing skills
is prolonged in children.The order in which different face properties are processed is cur-
rently less understood. Namely, while some research has supported a parallel-route model
which groups different properties according to their variability, other studies have shown
that speciﬁc invariant properties, such as facial identity, can serve as a reference frame for
interpreting more dynamic aspects, such as facial expression or eye gaze direction.The cur-
rent study tested a different approach, which proposes that face property processing varies
with task requirements. Sixteen adults did a same-different task where the second face
could differ from the ﬁrst in the identity, expression, or gaze, or any combination of those.
We found that reaction times increased and accuracy rates decreased when the identity
wasrepeated,suggestingthatchangesinfacialidentitywerethemostsalientones.Finally,
we tested two groups of 7-to 8- and 10- to 11-year-old children and found lower accuracy
rates for those face properties that rely in particular on conﬁgural information processing
strategies.This suggests that while overall, face processing strategies are adult-like from
7years of age, the processing of speciﬁc face properties develops continuously throughout
mid-childhood.
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INTRODUCTION
Humans consult a person’s face to determine the identity of its
bearer, his emotional state, or the current focus of attention via
the direction of their eye gaze. Over recent decades much research
has been aimed at describing the speciﬁc cognitive mechanisms
for extracting facial information (Yin, 1969; Carey and Diamond,
1977;Maureretal.,2002).Inaseminalstudy,CareyandDiamond
(1977) introduced the term conﬁgural information to describe the
interrelationship between different facial features, suggesting that
conﬁgural face information processing differs from a more feat-
ural information processing style that can be employed to process
any object. It has been shown that adults use these inter-featural
distances to recognize facial identities (Mondloch et al., 2006)o r
changes in expression (Calder and Young, 2005; Leppaenen and
Nelson, 2006; Durand et al., 2007), while featural strategies are
more often used to determine the direction of gaze (Mondloch
et al., 2002). The distinction between conﬁgural- and featural-
information processing strategies has been supported by studies
of face inversion (Yin,1969),or the manipulation of local features
intheThatcherillusion(Thompson,1980).Thereissomeevidence
to suggest that conﬁgural information processing is reserved for
objects of expertise (Gauthier et al.,1999,2000) and that it is spe-
ciﬁcfortheprocessingof objectsinthecanonicaluprightorienta-
tion(Mondlochetal.,2002).In1969,Yinshowedthatturningfaces
upside down has a disruptive effect on the recognition and this
inversion effect was not obtained in this magnitude for any other
group of objects in a variety of follow-up studies. Moreover,it has
been shown that turning a face upside down will be particularly
disruptive for the processing of facial identity, but less so for the
processingofgaze(Mondlochetal.,2003).Wenotethatwhilecon-
ﬁgural and featural information processing strategies have proved
to be extremely useful models to describe face processing strate-
gies in humans, much remains to be learned from investigating
the effect of changing face properties on performance directly.
Theprocessingorderforthedifferentfacepropertiesislesswell
understood. It remains to be determined whether these properties
are processed in a serial fashion and largely independent from
each other, or whether they are instead processed in parallel and
thereforewillinﬂuenceeachotherintheprocess.Twodecadesago
Bruce and Young (1986) proposed a model that postulated inde-
pendent processing paths for identity vs. expression and speech
movements (parallel-route-hypothesis). This model was based on
neuropsychological studies which found a double dissociation in
prosopagnosia participants who were unable to identify a par-
ticular face, while being at the same time surprisingly proﬁcient
at determining the expression within the same face (Young et al.,
1993;BehrmannandAvidan,2005;Humphreysetal.,2006).Addi-
tional support came from brain imaging studies with normal
participants that revealed segregated response patterns for invari-
ant (such as identity) vs. changeable (such as expression or gaze)
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face aspects within the different face-network areas (Haxby et al.,
2000).
Recent data from a range of methods challenge this model (see
CalderandYoung,2005forareview).Ganelandcolleagues(Ganel
and Goshen-Gottstein, 2004) found evidence for interdependent
processing of identity and expression at the behavioral level, and
morespeciﬁcally,thatfacialidentityisusedasareferenceframefor
interpreting idiosyncratic inﬂuences on speciﬁc expressions. Sim-
ilarly, interactions were found for gaze and expression processing
(Klucharev and Sams,2004),suggesting that the processing of dif-
ferent face properties will depend on the particular strategy used
(Ganeletal.,2005a).InarecentstudyhoweverGanel(2011)found
evidence for independent processing of expression and gaze. Last,
Calder and Young’s PCA model (2005) of identity and expres-
sion processing revealed principal components that process each
face property either separately or in combination,thus suggesting
that a strict parallel-route model cannot explain the behavioral
evidence.
Based on the previously presented data, we would like to
go a step further and offer a different approach to interpret-
ing face property speciﬁc processing. Namely, we propose that
the processing of different face properties could be linked to the
cognitive strategies induced by the speciﬁc tasks (strategy hypoth-
esis). Strategy-dependent processing means that face properties
that rely on similar facial information (and consequently on the
samecognitiveandpossiblyneuralmechanism)willinﬂuenceeach
other (for a similar idea in other cognitive domains, see: Posner
et al.,1990; Fias et al.,2001; Cohen Kadosh and Henik,2006). For
example,onecanencouragetheuseofconﬁguralinformationpro-
cessing strategies by instructing participants to compare the facial
identity of two faces while ignoring concurrent expression infor-
mation. In this case, due to the overlap at the information extrac-
tion level,the concurrent,but task-irrelevant expression informa-
tion will interfere with identity processing. Support for overlap
at the neural level comes from high-resolution fMRI-adaptation
studies that probe the response properties for regions in the core
face processing network as a function of stimulus property repeti-
tion (Henson et al.,2002;Ganel et al.,2005b;Cohen Kadosh et al.,
2010). Cohen Kadosh et al. (2010) used fMR-adaptation to show
thattheregionsinthecoreface-networkrespondequallytochang-
ing facial identities and expressions, but not gaze, as a function of
top-down modulated processing strategies. A similar conclusion
can be drawn from the results of the Ganel et al. (2005b) fMR-
adaptation study. Ganel and colleagues found that the fusiform
gyrus processed task-irrelevant, but strategy-relevant emotional
expression information in a conﬁgural identity processing task.
The present study used a new paradigm to investigate the
interdependent processing or otherwise of three different face
properties (identity, expression, or gaze) in adults and 7- to 8-
and 10- to 11-year-old children. In our same-different task, par-
ticipants had to compare two consecutively presented faces that
could differ with regard to facial identity, expression, direction of
gaze,oranycombinationof these,thuspreventingtheadoptionof
asinglestrategyasitwasnotpossibletobaseasame-differentdeci-
sion on a speciﬁc face property. Crucially,to perform successfully,
participants had to use both conﬁgural and featural information
processing strategies for the same-different decision. It was not
possibletofocusonaparticularfacepropertytoperformthetask.
We also included conditions with a combination of two or three
face property changes to be able to look at the interdependent
processing of the different face properties, such as the inﬂuence
of co-occurring identity and expression changes. We note that
the current experiment investigated the processing of different
face properties directly, an approach which would then allow us
to contrast the two processing hypotheses that have been pro-
posed for faces (parallel-route hypothesis vs. strategy hypothesis).
In Experiment 1, we assessed which face property adults would
use to compare two faces.We were particularly interested in inter-
actions for simultaneously changing face properties and whether
any speciﬁc combination would make a comparison more difﬁ-
cult, or easier. For this experiment, we predicted that in line with
the strategy hypothesis,face properties that rely on the same facial
information (conﬁgural vs. featural information) would interact
with each other. In counterbalanced blocks, we then turned the
faces upside down (a measure shown to selectively impair the use
of conﬁgural information processing), to draw conclusions about
the respective inﬂuence of the two cognitive processing strate-
gies. In line with previous studies,we predicted that face inversion
would interfere with conﬁgural face processing and in particular
withtheprocessingoffacialidentity.Experiment2testedhow7-to
8-and10-to11-year-oldchildrenprocessthethreefaceproperties
inthesame-differenttask,usinguprightfacesonly.Testingtwoage
groups of children had the dual purpose of testing the progressive
acquisition of face processing abilities for different face proper-
ties,while looking at the inﬂuence of the two processing strategies
that have been suggested to develop along differing developmen-
tal trajectories (e.g., Mondloch et al., 2002). For Experiment 2,
we predicted to observe developmental differences for those face
properties that are processed by extracting conﬁgural face infor-
mation.Inlinewithpreviousreportsof prolongedtrajectories,we
also predicted that these differences would still be present in our
older children group.
EXPERIMENT 1
The underlying rationale for Experiment 1 was to investigate the
processing order of all three face properties in adults. Using both
the canonical upright orientation and the inverted orientation
which has been shown to selectively disrupt face-speciﬁc pro-
cessing strategies, we aimed to establish whether the three face
properties are processed independently (parallel-route hypothe-
sis) or whether speciﬁc properties interact, possibly as a result of
similar underlying processing strategies (strategy hypotheses).
METHODS
Participants
Sixteen adults (mean age: 28.38, SD: 10.44years, eight male)
participated in Experiment 1. All participants had normal or
corrected-to-normal vision and informed consent was obtained
before testing. The study was approved by the local ethics
committee at Birkbeck College, University of London.
Stimulus and apparatus
A stimulus set was created from 8 color photographs taken under
standardlightingconditions(twofemales,twoexpressions(happy
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andangry),twodirectionsof gaze(directedtotheright,ortheleft,
seeTable 1 forthefactorialdesign).Thestimulisubtendedavisual
angle of 6.3˚×7˚, and the participants sat 57cm from the screen.
Stimuluspairsineachtrialvariedwithregardtonone,one,two,or
three face properties. The experimental design therefore consisted
of the face property factors identity×expression×gaze, which
were either repeated or changed (two levels).We also included the
factor face orientation (upright, inverted). We note that the same
designandstimulussethasbeenusedinarecenttranscranialmag-
netic stimulation (TMS) study with adults (Cohen Kadosh et al.,
2011).
Procedure
Each trial consisted of a face presented for 500ms in the center of
the computer screen followed by a ﬁxation cross for 800ms, fol-
lowed by a second face. The second face (test stimulus) remained
on the screen for a maximum of 5000ms, or until a button press
was registered and was followed by a question mark for 800ms,
indicatingthebeginningofanewtrial(Figure1).Theparticipants
had to decide whether the two consecutively presented faces were
the same or different with regard to changes in any face property.
The second face could change with regard to any number of face
properties, thus avoiding the adoption of a single strategy, such
as for example a featural strategy that would have been suitable
for comparing faces on the basis of the direction of gaze only.
Note that this also means that a“same”decision could not depend
on a particular face property alone. Participants were asked to
respond as quickly as possible while avoiding mistakes. The par-
ticipants indicated their choices by pressing one of two keys (“f”
or “j”) on a keyboard. Prior to testing, it was pointed out to each
participant that a change in any face property should lead to a
“different” response and each participant was familiarized with
the presentation speed and the general pace of the design by view-
ing three example trials. The assignment of the keys to same and
differentdecisionswascounterbalancedacrossblocksineachpar-
ticipant. The number of responses to “same” or “different” was
equal and each participant completed 224 trials. The order for
blocks of upright and inverted faces was counterbalanced across
participants.
RESULTS
Reaction times
Themeanreactiontimes(RT)werecalculatedforeachparticipant
in each condition and subjected to a four-way analysis of variance
(ANOVA) with identity, expression, gaze (factor levels: same, dif-
ferent), and orientation (upright, inverted) as within-subject fac-
tors. Responses were ﬁltered for correct answers. Table 2 provides
afulldescriptionofalleffects.Onlythemaineffectsofidentityand
expression were signiﬁcant [identity: F(1, 15)=16.48, p =0.001;
expression: F(1, 15)=4.87, p =0.04]. Moreover, the three-way
interaction between identity, expression, and gaze was signiﬁcant
[F(1, 15)=20.93, p <0.001], as well as the interaction between
T a b l e1|F a c t o r i a ldesign for the same-different task.
Same identity Different identity
Same gaze Different gaze Same gaze Different gaze
Same expression ieg ieG Ieg IeG
Different expression iEg iEG IEg IEG
Within-subject factors: identity (I), expression (E), gaze (G), (all factor levels: same, different). Note that a capitalized letter represents a change in the face property
(different decision), while a non-capitalized letter represents no change in the face property (same decision).
FIGURE 1 | Experimental time course for two trials in the same-different task.
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Table 2 | Experiment 1: main effects and interactions for the experimental factors identity×expression×gaze×orientation.
Effect Accuracy Reaction times
[F(1, 15)] p [F(1, 15)] p
Orientation 2.313 0.149 1.202 0.290
Identity 36.60 <0.001 16.5 <0.001
Identity×orientation 11.43 0.004 0.962 0.337
Expression 9.37 0.008 4.88 0.043
Expression×orientation 3.84 0.069 0.941 0.347
Gaze 7 .16 0.017 2.28 0.151
Gaze×orientation 2.30 0.150 13.60 0.002
Identity×expression 0.218 0.647 0.013 0.910
Identity×expression×orientation 1.16 0.307 1.18 0.294
Identity×gaze 0.188 0.671 7 .78 0.014
Identity×gaze×orientation 0.363 0.556 6.08 0.026
Expression×daze 1.70 0.212 19.58 <0.001
Expression×gaze×orientation 0.933 0.349 0.28 0.760
Identity×expression×gaze 7 .53 0.015 20.93 <0.001
Identity× expression×gaze×orientation 3.202 0.094 0.446 0.514
orientation, identity, and gaze [F(1, 15)=6.08, p =0.026]. The
three-way interaction is presented in Figure 2.
In order to understand the source of the interaction between
identity, expression, and gaze, we analyzed the simple two-
way interactions for expression and gaze under same identity
and different identity (Keppel, 1991). Note that only signiﬁcant
interactions were decomposed and that all t-tests are two-tailed.
Same identity
The interaction between expression and gaze was signiﬁcant [F(1,
15)=28.20, p <0.001]. Further decompositions revealed that it
took longer time to detect a gaze change when the expression was
repeated [t(15)=3.92, p =0.001]. In contrast, when the expres-
sion changed a trend toward the reversed pattern was observed; it
took longer to process gaze repetition [t(15)=2.043,p =0.059].
Different identity
No interaction was observed for expression and gaze [F(1,
15)=0.571, p =0.461], and only the simple main effect for gaze
[F(1, 15)=7.57, p =0.015], but not expression [F(1, 15)=2.70,
p =0.121]wassigniﬁcant.Thesimplemaineffectforgazewasdue
to faster responses for changed gaze (1088ms) vs. repeated gaze
(1154ms).
To understand how the orientation of the faces affected the
processing of identity and gaze, we further probed the interac-
tion between identity and gaze for the upright and inverted faces
conditions separately. Note that we decomposed based on a priori
hypotheses that orientation would affect face processing abilities
and that all t-tests are Bonferroni corrected.
Upright orientation
When faces were presented in the canonical upright orientation,a
signiﬁcant interaction was found for the factors identity and gaze
[F(1, 15)=9.07, p =0.008], which was due to participants being
slowertodetectachangeingaze,whenidentityremainedthesame
[t(15)=3.353, p =0.004] than when it changed [t(15)=2.75,
p =0.015].
Inverted orientation
Fortheinvertedcondition,nosigniﬁcantinteractionwasobserved
between identity and gaze [F(1,15)=1.205,p =0.290]. The sim-
plemaineffectsweresigniﬁcantforbothidentity[F(1,15)=13.0,
p =0.003]andgaze[F(1,15)=12.5,p =0.003],withparticipants
being faster to detect a change in either feature [same identity
(800ms) vs. different identity (758ms); or same gaze (802ms) vs.
different gaze (757ms)].
Accuracy rates
The main effects for all three face properties were signif-
icant [identity: F(1, 15)=36.6, p <0.001; expression: F(1,
15)=9.37,p =0.008; gaze: F(1,15)=7.16,p =0.017]. Moreover,
the two-way interaction between orientation and identity [F(1,
15)=11.44, p =0.004], and the three-way interaction between
identity, expression, and gaze (Figure 3)w e r e[ F(1, 15)=7.53,
p =0.015] signiﬁcant. As in the case of the RTs, we decomposed
theinteractionbetweenexpressionandgazeforsameanddifferent
identity separately.
Same identity
Theinteractionbetweenexpressionandgazewassigniﬁcantwhen
identity remained the same [F(1, 15)=5.74, p =0.03]. Further
decompositions established that this interaction was driven by
higher accuracy rates for the condition when both expression and
gaze changed [t(15)=2.75,p =0.15].
Different identity
The interaction between expression and gaze was signiﬁcant [F(1,
15)=4.67, p =0.047] and further analyses established that it was
due to lower accuracies for making a “different” decision based
on gaze information, independent of the expression information
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FIGURE 2 | Experiment 1: overview of the average reaction times for
all conditions for both orientation blocks. Additional parentheses
highlight signiﬁcant F-tests (interactions and main effects, not t-tests).The
three-way interaction for identity×expression×gaze was signiﬁcant (see
alsoTable 2). When faces were presented in the canonical upright
orientation, a signiﬁcant interaction was found for the factors identity and
gaze, which was due to participants being slower to detect a change in
gaze, when identity remained the same. For the inverted condition, no
signiﬁcant interaction between identity and gaze was observed.The
simple main effects were signiﬁcant for both identity and gaze, with
participants being faster to detect a change in either feature. Diff, different;
Express, expression.
{same expression [t(15)=3.47, p =0.003]; different expression
[t(15)=2.34,p =0.033]}.
Finally, to probe the source of the interaction between iden-
tity and orientation, we looked at the simple main effect for
identity in the two orientation conditions. We found that accu-
racies increased signiﬁcantly for detecting identity changes in the
upright orientation condition as opposed to identity repetition
[t(15)=3.51,p =0.003;sameidentity(93%)vs.differentidentity
(96%)], but even more so for the inverted orientation condition
[t(15)=5.38,p <0.001;sameidentity(88%)vs.differentidentity
(97%)].
DISCUSSION
Experiment 1 probed the processing sequence and interaction of
the different face properties as a function of stimulus orientation.
It was found that independent of face orientation, RTs increased
and accuracy rates decreased when the identity was repeated,thus
making facial identity changes the most salient ones. The analysis
of theRTsfortheuprightconditionalsoseemstosuggestthatface
property-speciﬁc processing was conducted in parallel and then
integrated. At the same time, we found support for the strategy
hypothesisinthatfacepropertiesthatrelyonsimilarinformation,
such as conﬁgural face information in the case of identity and
expression,were processed together. For example,the decomposi-
tion of the interaction between the three face properties revealed
that RTs were slowest when identity and expression remained the
same and a different decision was based on gaze. Similarly, par-
ticipants were slower for gaze-based decision when both identity
andexpressionchanged.Thisissomewhatsurprising,asonecould
have expected that a change in either face property would be suf-
ﬁciently salient. Instead, this seems to suggest that information is
integratedacrossdifferentprocessingstrategiesbeforethedecision
is made. With regard to the orientation factor, it was found that
the dominant effect of identity processing was more pronounced
in the inverted orientation condition, a ﬁnding that runs in line
withtheevidencefordisruptedconﬁguralinformationprocessing
for inverted faces.
EXPERIMENT 2
Basedontheresultsof Experiment1,wethentestedtwogroupsof
7-to8-and10-to11-year-oldchildrenwiththesameexperimental
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FIGURE 3 | Experiment 1: overview of the mean accuracy rates for all
conditions for both orientation blocks. Additional parentheses highlight
signiﬁcant F-tests (interactions and main effects, not t-tests).The three-way
interaction for identity×gaze×orientation for the accuracy rates was
signiﬁcant.The interaction between identity and orientation was due to
signiﬁcantly increased accuracies for detecting a change in identity in the
upright orientation condition, but even more so for detecting an identity change
in the inverted orientation condition. Diff, different; Express, expression.
Table 3 | Experiment 2: main effects and interactions for the experimental factors identity×expression×gaze×age group.
Effect Accuracy Reaction times
[F(1, 42)] p [F(1, 42)] p
Age 13.52 <0.001 18.25 <0.001
Identity 45.15 <0.001 22.01 <0.001
Identity×age 3.22 0.050 7 .47 0.002
Expression 9.24 0.004 2.10 0.154
Expression×age 4.21 0.022 1.48 0.240
Gaze 7 .64 0.008 20.57 <0.001
Gaze×age 2.350 0.108 3.93 0.027
Identity×expression 1.060 0.310 2.15 0.150
Identity×expression×age 1.060 0.357 1.33 0.276
Identity×gaze 0.439 0.511 6.37 0.015
Identity×gaze×age 1.370 0.266 0.60 0.554
Expression×gaze 1.380 0.246 45.0 <0.001
Expression×gaze×age 0.674 0.515 2.83 0.070
Identity×expression×gaze 11.15 0.002 37 .61 <0.001
Identity×expression×gaze×age 0.941 0.398 2.86 0.068
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FIGURE 4 | Experiment 2: three-way interaction for identity×expression×gaze for the reaction times for all three age groups. Additional parentheses
highlight signiﬁcant F-tests (interactions and main effects, not t-tests). Diff, different; Express, expression; ID, identity.
FIGURE 5 | Experiment 2: two-way interaction for identity×age group in the reaction times.The interaction was due to the 7- to 8-year-olds taking
signiﬁcantly longer to decide that the identity had not changed from the ﬁrst to the second face than the other two age groups.
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design to assess the developmental trajectories for the processing
of the three face properties.
Developmental studies on emerging face processing abilities
in children have provided valuable insights in the processing
sequence of different face properties. Human infants exhibit a
particular interest in faces from very early on in development
(Johnson et al., 1991; de Haan and Nelson, 1999; Farroni et al.,
2005) and evidence for rudimentary abilities to process the iden-
tity, expression, or gaze of a face has been found in several studies
(de Haan et al., 2001; Senju et al., 2006; Grossmann and Johnson,
2007). It has therefore been a somewhat surprising ﬁnding that
face processing abilities reach adult-like levels only during mid-
childhood and adolescence (Diamond and Carey, 1977; Carey
et al., 1980; Farroni et al., 2002; Mondloch et al., 2003, 2006;
Mosconi et al., 2005; Durand et al., 2007; Thomas et al., 2007;
Karayanidis et al., 2009; Johnston et al., 2011). Some research
suggests that, in contrast to adults who will predominantly use
conﬁgural information, children tend to rely more on featural
information processing up until 10years of age and that face-
irrelevantparaphernalia(suchasahatorglasses)caneasilydistract
(CareyandDiamond,1977;FreireandLee,2001).Mondlochetal.
(2002) asked 6,8,and 10-year-old children and adults to compare
alimitedsetof uprightandinvertedfemalefaceswhenstimulidif-
fered either in the spacing between the face properties (conﬁgural
set) or with regard to speciﬁc features (featural set). They found
that while all child groups exhibited greater difﬁculties with the
spacing set, only the 6 and 8-year-olds showed also lower accura-
ciesinthefeaturalset.Moreover,thesizeoftheinversioneffectwas
foundtoincreasewithage,whichwasinterpretedasasignthatthe
uprightorientationof facesbecomesmorecanonicalandeasierto
process with increasing age. These age-differences persisted when
controlling for factors, such as poor encoding efﬁciency, limited
memoryspan,andlowsaliencyinthestimuluschanges(Mondloch
etal.,2004).Theseresultssuggestthattheobserveddevelopmental
differences can be attributed to differences in face-speciﬁc pro-
cessing strategies, and not simply to general cognitive abilities.
Indeed, a recent study Karayanidis and colleagues (Karayanidis
et al.,2009) accommodated possible age-dependent differences in
memory and executive function by using reduced stimuli sam-
ples for different age groups in a facial identity and expression
matching task in 139 5- to 15-year-old children and adults. Nev-
ertheless, they found a signiﬁcant increase in accuracy with age,
with children ages 12years or younger being signiﬁcantly worse at
matching facial identities.
Experiment 2 compared the processing patterns for the three
face properties in adults to those in 7- to 11-year-old children.
Testing two age groups of children had the dual purpose of
testing the progressive acquisition of face processing abilities for
different face properties,while looking at the inﬂuence of the two
processing strategies that have been suggested to develop along
differing developmental trajectories. In line with the empirical
evidence reviewed above, we predicted to observe developmen-
tal differences for those face properties that are processed by
extracting conﬁgural face information and that these differences
would still be present in our older children group.
METHOD
Participants
Twenty-nine participants (13 7- to 8-year-old children (mean
age: 8.3years, SD: 0.28years, seven male) and 16 10- to 11-year-
old children (mean age: 11.3years, SD: 0.26years, eight male)
participated in the experiment. All participants had normal or
FIGURE 6 | Experiment 2: two-way interaction for gaze×age group in the reaction times. Further decompositions showed that this interaction was driven
by increased reaction times for a detection of a change in gaze in the two children groups.
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corrected-to-normal vision and informed consent was obtained
from the parents or the primary caregiver before testing. The
study was approved by the local ethics committee at Birkbeck
College.
Stimulus, apparatus, and procedure
Thestimuliandexperimentalprocedurewereidenticaltotheones
used in Experiment 1, with the one exception that only upright
faces were presented in this experiment. See previous experiment
for a detailed description.
RESULTS
Reaction times
Mean RTs were calculated for each participant in each condition.
To investigate developmental differences between the three age
groups, a four-way ANOVA with the within-subject factors iden-
tity, expression, and gaze (factors levels: same, different), and age
(7–8years, 10–11years, adults) as a between-subject factor (see
Table 3 foralleffects).Responseswereﬁlteredforcorrectanswers.
Note that the adult group data were the same as reported in
Experiment 1. The main effects of identity, gaze, and age but not
expressionweresigniﬁcant(Table 3).Further,thethree-wayinter-
action between identity×expression×gaze was signiﬁcant [F(1,
42)=37.6,p <0.001;Figure4],as well as the interaction between
age×identity [F(1, 42)=7.47, p =0.002] and age×gaze [F(1,
42)=3.93,p =0.03].
To reveal the source of the three-way interaction between
identity×expression×gaze, we decomposed for the same and
different identity condition separately.
Same identity
An interaction between expression and gaze was found only when
identity remained the same [F(1, 44)=48.4, p <0.001] and fur-
ther decompositions showed that this interaction was due to
increased reactions times when either expression [t(44)=2.28,
p =0.028] or gaze changed [t(44)=7.47, p <0.001]. Thus, par-
ticipantswereslowertodetectachangeinexpressionorgazewhen
the identity was repeated.
Different identity
The interaction between expression×gaze was not signiﬁcant for
this condition [F(1, 44)=0.006,p =0.937].
Identity×Age
The interaction between identity×age was due to the 7- to 8-
year-olds taking signiﬁcantly longer to decide that the identity
had not changed from the ﬁrst to the second face than the other
twoagegroups[7–8years:t(12)=3.82,p =0.002;10-to11-years:
t(15)=1.47,p =0.161; adults: t(15)=1.55,p =0.143; Figure5].
Gaze×Age
A decomposition of the interaction showed that increased RT for
adetectionof achangeingazeinthetwochildrengroupswerethe
source of this interaction [7–8years: t(12)=3.17, p =0.008; 10-
to 11-years: t(15)=2.60, p =0.02; adults: t(15)=1.36, p =0.2;
Figure 6].
Accuracy rates
The analysis of the accuracy rates had the same factorial structure
as the analysis of the RT. All four main effects were signiﬁcant
(see Table 3 for all effects), as well as the three-way interac-
tion between identity, expression, and gaze [F(1, 42)=11.15,
p =0.002; Figure 7] and the interactions between age and iden-
tity [F(1, 42)=3.22, p =0.05] and age and expression [F(1,
42)=4.21, p =0.022]. Further analysis decomposed the three-
wayinteractionbetweenthethreefacepropertiesforthesameand
different identity conditions separately.
Same identity
The interaction between expression and gaze was signiﬁcant [F(1,
44)=8.35, p =0.006] and further decompositions revealed that
it was due to lower accuracy rates when the expression, but not
the gaze changed between the ﬁrst and second face presentation
[t(44)=3.15, p =0.003], as opposed to the condition when the
expression remained the same [t(44)=0.705, p =0.484]. There-
fore, accuracy decreased if identity was repeated and expression
changed.
Different identity
The interaction between expression and gaze was not signiﬁcant
[F(1, 44)=3.49,p =0.068].
Identity×Age
The interaction between identity and age was due to signiﬁcantly
higher accuracy for detecting a change in identity in comparison
to no change in identity in all three age groups [7- to 8-year-
olds: t(12)=4.48, p <0.001; 10- to 11-year-olds: t(15)=3.47,
p =0.003; adults: t(15)=3.50, p =0.003]. This increase was
signiﬁcantly larger for the combined children groups in com-
parison to the adult groups [t(42)=2.54, p =0.015], but did
not differ between the children groups [t(27)=1.2, p =0.24;
Figure 8].
Expression×Age
Only the group of 7- to 8-year-old children made signiﬁcantly
more mistakes in detecting expression changes [7- to 8-year-
olds: t(12)=2.95, p =0.012; 10- to 11-year-olds: t(15)=0.930,
p =0.360; adults: t(15)=0.930,p =0.360; Figure 9].
DISCUSSION EXPERIMENT 2
The aim of the Experiment 2 was to investigate whether the pro-
cessing order of different face properties changes as a function
of age. We found that while the overall processing order did
not differ for children from 7years of age (i.e., no higher inter-
actions for the factors age and the three face properties), both
child groups were less accurate at processing facial identity and
the younger children made more mistakes in detecting expres-
sion changes. This corresponds with previously reported lower
proﬁciencylevelsforfacepropertiesdependingonpredominantly
conﬁgural strategies. We note that all three groups showed a sim-
ilar response patterns for processing facial identity, with children
being signiﬁcantly less accurate. The younger children were also
slower to process identity, a ﬁnding which rules out the possibil-
ity of a speed–accuracy trade-off for the developmental results.
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Finally, the younger children were slower to detect a gaze change,
whiletheolderchildrenandtheadultsonlyshowedatrendtoward
the same effect.
GENERAL DISCUSSION
Thecurrentexperimentssetouttoinvestigatetheprocessingorder
of three face properties in children and adults and to disentangle
the respective inﬂuence of stimulus characteristics and process-
ing strategies. We used a paradigm that required of participants
to process all three face properties simultaneously, while prevent-
ing the adoption of a single strategy (Cohen Kadosh et al., 2011).
As outlined in the introduction, possible face processing mod-
els range from those that propose a strict separation for different
face properties (i.e.,the parallel-route hypothesis) with more per-
missive models that allow for interactions between some face
properties, to multi-factorial face space models where each face
has an idiosyncratic loading pattern on the different factorial
dimensions.
Wewouldliketoproposeadifferentapproachtothatabove,and
suggestthattheprocessingofdifferentfacepropertiesisdependent
onthespeciﬁctask-inducedstrategyandthatpropertiesrelyingon
similar strategies will interact (strategy hypothesis). This approach
has received some support from research investigating the neural
basisoffaceprocessinginrecentfMRI-adaptationstudies(Henson
et al.,2002; Ganel et al.,2005b; Cohen Kadosh et al.,2010),which
showed that the same regions of the core face-network differen-
tially process the three face properties, depending on the speciﬁc
task requirements.
In the ﬁrst instance, we tested a group of adults to estab-
lish the processing order for upright faces, before turning the
faces upside down to assess the selective impairment of con-
ﬁgural information processing strategies. This approach allowed
us to probe the respective inﬂuence of stimulus characteristics
and processing strategies. In the adult, the processing of facial
identity had the strongest inﬂuence on the same-different deci-
sion. That is, participants were slower and less accurate in the
conditions when identity remained the same. Interestingly, iden-
tity processing also relied on the information from expressions,
with participants being faster when both either changed or were
repeated, supporting the suggestion that the two face properties
FIGURE 7 | Experiment 2: three-way interaction for identity×expression×gaze for the reaction accuracy rates for all three age groups. Additional
parentheses highlight signiﬁcant F-tests (interactions and main effects, not t-tests). Diff, different; Express, expression; ID, identity.
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are processed integratively. While some behavioral evidence sug-
gests that facial identity can serve as a reference point for assessing
expressions (Schweinberger and Soukup, 1998; Baudouin et al.,
2000; Ganel and Goshen-Gottstein, 2004), more direct support
comes from a recent TMS study which used the same experimen-
tal design while stimulating the right occipital face area (rOFA) in
thecoreface-networkinadults(CohenKadoshetal.,2011).Inthis
TMS study,we found that accuracies for the combined processing
of identity and expression decreased after TMS to the rOFA, but
not for gaze, supporting the notion of combined processing for
these two face properties also at the neural level. The ﬁnding that
accuracies were highest when all three face properties changed is
counterintuitive, as one might expect that changes in a particu-
lar salient face property would already be sufﬁcient for making
a same-different decision. Rather, it seems that both conﬁgural
and featural information processing strategies run in parallel and
are then matched prior to making a decision. This also validates
our methodological approach, which explicitly avoided tapping
into a single strategy. We also found that by inverting the face
stimuli, overall accuracies improved slightly, possibly due to the
fact that face inversion selectively impairs conﬁgural information
processing (Yin, 1969; Maurer et al., 2002; Mondloch et al., 2002)
and that participants focus on processing speciﬁc face properties
with a featural strategy. The three-way interaction between iden-
tity, gaze, and orientation supports this interpretation. In sum,
ourﬁndingsﬁndstrongsupportforthestrategyhypothesis,which
proposes that face properties that rely on the same cognitive and
possibly neural mechanism will inﬂuence each other. Conversely,
our ﬁndings provide little support for the parallel-route hypoth-
esis, which proposes independent processing routes for identity
and expression (Bruce andYoung, 1986).
The developmental results established that while 7-year-old
children process the different face properties in a similar order,
they also exhibit selective difﬁculties for face properties rely-
ing on conﬁgural information processing strategies. That is, the
younger children were less accurate in processing facial identity
and expressions, while the older children had difﬁculties with
the processing of identity only. The RT results further support
this, as children were faster to detect a change in identity, but in
turn were slower to detect change in gaze, suggesting that gaze
is processed at a later time point. The ﬁndings of differential
accuracy effects for the three face properties refutes the notion
that poorer face processing abilities are due to overall general
cognitive differences, such as a lower attention span or working
memory capacities (e.g.,Crookes and McKone,2009). The results
also show that from the age of 7, face property-speciﬁc process-
ing is dominated by the strategy and processing proﬁciencies for
the particular face property will improve along with the strat-
egy. We note that while the current study relied on a commonly
used approach to keep age-differences in general cognitive skills
at a minimum (i.e., a small stimulus set), this somewhat affects
the generalizability of the results. In addition, it might be that
processing abilities differ when participants process the faces of
age-matched peers, a hypothesis that might affect face processing
particularlyinthechildparticipants,andthatshouldbeaddressed
in future studies.
To conclude, the current study aimed at investigating the
processing patterns for different face properties. In adults, we
found that the processing of different face properties is depen-
dent on their speciﬁc cognitive strategy, and that face properties
that depend on the same strategy will inﬂuence each other, thus
supporting the strategy hypothesis. It was also found that while
FIGURE 8 | Experiment 2: two-way interaction for identity×age group in
the accuracy rates.The interaction between identity and age was due to
signiﬁcantly higher accuracy for detecting a change in identity in comparison
to no change in identity in all three age groups.This increase was signiﬁcantly
larger for the combined children groups in comparison to the adult groups, but
did not differ between the children groups.
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FIGURE 9 | Experiment 2: two-way interaction for expression×age group in the accuracy rates.This interaction was due to the group of 7- to 8-year-old
children making signiﬁcantly more mistakes in detecting expression changes.
overall face processing is adult-like in 7-year-old children, spe-
ciﬁc properties that depend on conﬁgural information processing
continue to lag behind until 11years-of-age, thus stressing the
dependence of factors such as exposure and training for this
stimulus category.
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